Rosmarinic acid (RosA) is a water-soluble polyphenol, which can be isolated from many herbs such as orthosiphon diffuses and rosmarinus officinalis. Previous studies have shown that RosA possesses various biological properties. In this study, we investigate the anti-osteoarthritic effects of RosA in rat articular chondrocytes. Chondrocytes were pre-treated with RosA, followed by the stimulation of IL-1b. Real-time PCR and Western blot were performed to detect the expression of matrix metalloproteinase (MMP)-1, MMP-3 and MMP-13. Nitric oxide and PGE 2 production were measured by Griess reagent and enzyme-linked immunosorbent assay (ELISA). The expression of mitogen-activated protein kinase (MAPK) and nuclear factor-jB (NF-jB) was also investigated by Western blot analysis. We found that RosA down-regulated the MMPs expression as well as nitric oxide and PGE 2 production in IL-1b-induced chondrocytes. In addition, RosA inhibited p38 and JNK phosphorylation as well as p65 translocation. The results suggest that RosA may be considered a possible agent in the treatment of OA.
Introduction
Osteoarthritis (OA) is an age-related joint disorder, which was often seen in people over the age of 65 and lowers the life quality of the patients. The disease was characterized by the irreversible degradation of the articular cartilage. In normal cartilage, the chondrocytes, as the only cell in cartilage, maintain the balance between extracellular matrix (ECM) catabolism and anabolism [1] . However, in OA, chondrocytes produce excessive catabolic factors such as matrix metalloproteinases (MMPs) and pro-inflammatory cytokines, as a result, the balance was disturbed, leading to ECM degradation [2] . MMPs were considered to play pivotal roles in cartilage degradation. These proteolytic enzymes can split collagen II and aggrecan, two main components of ECM, leading to cartilage degradation [3] . In the light of the importance of MMPs in OA, inhibition of MMPs expression was considered as a strategy in the treatment of OA. Previous studies found that some MMPs inhibitors alleviate cartilage degradation in experimental OA [4, 5] .
Recently, the role of inflammation in OA has been recognized. Inflammatory cytokines interleukin-1-beta (IL-1b) and tumour necrosis factor (TNF)-a play important roles in the progression of OA. These cytokines can induce NF-jB and MAPK activation, leading to induction of inflammatory mediators including nitric oxide (NO) and prostaglandin E2 (PGE 2 ). These inflammatory mediators may lead to ECM degradation and clinical manifestations [6] .
Until now, non-steroidal anti-inflammatory drugs (NSAIDs) are still the main pharmacological treatment for OA, these drugs, with side-effects in gastrointestinal and cardiovascular system, cannot stop or reverse OA progression [7] . Therefore, the search for more effective and safer agents in the treatment of OA is still a challenge for researchers.
RosA is a water-soluble polyphenol, which can be isolated from many herbs such as orthosiphon diffuses and rosmarinus officinalis. Previous studies have shown that RosA possesses various biological properties, including anti-oxidative, anti-inflammatory and anticancer properties [8] [9] [10] . The role of RosA in rheumatoid arthritis was also reported [11] [12] [13] . Moreover, Connelly et al. reported that daily consumption of the RosA improved stiffness and physical disability scores in adults with knee OA [14] . However, the mechanism of RosA in OA is still unknown. In this study, we investigated the effects of RosA in chondrocytes. We found that RosA inhibited MMPs expression as well as the production of nitric oxide and PGE 2 in chondrocytes.
Materials and methods

Reagents
RosA, dimethyl sulphoxide (DMSO), recombinant rat IL-1b and MTT (3-(4,5-dimethyl-thiazole-2yl)-2,5-diphenyl tetrazolium bromide) were obtained from Sigma-Aldrich (St. Louis, MO, USA). Antibodies against MMP-1, MMP-3, MMP-13, inducible nitric oxide synthase(iNOS), cyclooxygenase-2 (COX-2), extracellular signal-regulated kinase (ERK)1/2, p-ERK1/2, p38, p-p38, c-Jun N-terminal kinase (JNK), p-JNK, b-catenin p65 and b-actin were purchased from Cell Signaling Technology (Beverly, MA, USA). Other reagents were obtained from Gibco BRL (Grand Island, NY, USA). RosA was dissolved in DMSO for stock preparation (100 mM).
Cells culture and treatment
With the approval of Institutional Animal Care and Use Committee of Zhejiang University (Hangzhou, China), five two-week-old Sprague-Dawley (SD) rats were used. Cartilage obtained from knee joints of rats for primary culture of chondrocytes as described previously [15] . Cells were maintained in Dulbecco's modified eagle's medium (DMEM) supplemented with 10% FBS, 100 U/ml penicillin and 100 U/ml streptomycin. The medium was replaced every 2 days. Cells between passages 3 and 5 were used in the study. Cells were cultured with serum-free medium overnight, treated with RosA (10, 50, 100 lM) for 1 hr and stimulated with IL-1b (10 ng/ml) for another 24 hrs. Cells and the culture medium were collected for further study.
Cells viability assay
Cells viability was measured using MTT assay. In brief, cells were seeded in 96-well plates (5 9 10 3 /well), exposed to different concentrations of RosA. After 24-hr incubation, cells were washed with PBS and incubated with 5 mg/ml MTT. The solution was removed and 150 ll DMSO was added. Cells viability was determined using the MTT assay.
Nitric oxide and PGE 2 measurement
The culture medium was collected for nitric oxide and PGE 2 measurement. In brief, Griess reaction was used to assess the nitrite levels, and enzyme-linked immunosorbent assay (ELISA) was used to measure PGE 2 production according to the manufacturer's instructions (R&D Systems, Minneapolis, MN, USA). All assays were performed in duplicate.
Quantitative real-time polymerize chain reaction (PCR)
Total RNA was extracted from cells using Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacture's protocol. Reversetranscribed to DNA templates using Malone Murine leukaemia virus reverse transcribe DNA synthesis kit (Promega, Madison, WI, USA) according to the manufacturer's instructions. Quantitative altimeter PCR was performed with IQ SYBR Green supermix PCR kit with the bicycle apparatus system (Bio-Rad, Hercules, CA, USA). The sequence-specific primers were as follows: for MMP-1, forward: GCTTAGCCTTCCTTTGCT GTTGC; reverse: GACGTCTTCACCCAAGTTGTAGTAG, for MMP-3, forward: CTGGGCTATCCGAGGTCATG; reverse: TGGACGGTTTCAGGGAGGC, for MMP-13, forward: CAACCCTGTTTACCTACCCACTTAT; reverse: CTATGTC TGCCTTAGCTCCTGTC, for 18s rRNA, forward: GAATTCCCAGTAAGTG CGGGTCATA; reverse: CGAGGGCCTCACTAAACCATC. 18s rRNA was used as an endogenous reference gene. The relative eRNA expression was assessed using the 2 MM CT method.
Western blotting analysis
Cells were washed with ice-cold phosphate-buffered saline and harvested. Then, cells were treated with lysis buffer containing 50 mM Tris-Cl, pH 7.4, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 10 lg/ml aprotinin, 10 lg/ml leupeptin, 5 mM phenylmethylsulphonyl fluoride, 1 mM DTT and 1% Triton X-100 for 30 min. on ice. The protein was extracted from cells, transferred to polyvinyl fluoride (PVDF) membranes, the membranes were incubated in Eris-buffered saline Tween (TBS and 0.1% Tween 20) containing 5% bovine serum albumin overnight at 4°C, followed by primary antibodies (MMP-1, MMP-3, MMP-13, Enos, COX-2, ERK1/2, p-ERK1/2, p38, p-p38, JNK, p-JNK, b-catenin, p65 and b-actin). After washing, membranes were incubated for 1 hr at room temperature with HAP-linked secondary antibodies. Finally, the filter was incubated with the electroencephalographic substrate and exposed to X-ray film (Kodak, Hangzhou, China).
Statistical analysis
Data are expressed as means AE standard deviation. Data were analysed using a one-way ANOVA test. Dunnett-t method was used as the post-test in the ANOVA. A value of P < 0.05 was taken to indicate statistical significance. 
Results
Effects of RosA on cells viability
Cells were exposed to RosA for 24 hrs, and the results showed that RosA exerted no adverse effects on cell viability (Fig. 1) .
Effects of RosA on nitric oxide and PGE 2 production
The production of nitric oxide was assessed by Griess reaction, and the production of PGE 2 was detected by ELISA. Treatment with RosA resulted in significantly down-regulation of nitric oxide and PGE 2 production induced by IL-1b in chondrocytes (Fig. 2) . In addition, RosA also inhibited the protein expression of iNOS and COX-2 in chondrocytes (Fig. 3) .
Effects of RosA on MMPs expression in chondrocytes
The effects of RosA on the gene expression of MMP-1, MMP-3 and MMP-13 in IL-1b-induced chondrocytes were assessed by PCR. RosA significantly inhibited the IL-1b-induced gene expression of MMP-1, MMP-3 and MMP-13 in a dose-dependent manner. RosA also reduced the protein expressions of MMP-1, MMP-3 and MMP-13 in chondrocytes (Fig. 4) .
Effects of RosA on MAPK activation in chondrocytes
MAPK are essential signalling pathway in OA pathophysiology. Previous studies showed that RosA can affect the activation of MAPK. Thus, in this study, we investigated the effects of RosA on MAPK in IL-1b-stimulated chondrocytes. Phosphorylation of ERK1/2, p38 and JNK was increased by IL-1b, and RosA inhibited the phosphorylation of JNK and p38 whereas ERK was unaffected (Fig. 5) .
Effects of RosA on NF-jB activation
It has been considered that activation of NF-jB signalling pathway plays an important role in OA; as p65 translocation is an indicator of NF-jB activation by IL-1b stimulation, we checked the protein levels of p65 in the nuclear and cytoplasmic. The results showed that IL-1b stimulation resulted in significant translocation of p65 from the cytoplasm to the nucleus (Fig. 6) . 
Effects of RosA on Wnt/b-catenin signalling pathway
We also detected the effects of RosA on Wnt/b-catenin signalling pathway because it was closely related to MMPs expression in OA. We found that stimulation with IL-1b lead to increase in b-catenin expression, but RosA exerted no effects on b-catenin activation (Fig. 7) .
Discussion
Osteoarthritis is a widespread joint disease, which is characterized by degradation of articular cartilage. Accumulating studies showed that some natural products may be the potential agents for the treatment of OA [16] . In the present study, we evaluated the anti-osteoarthritic effects of RosA in chondrocytes, and we found that RosA significantly decreased the IL-1b-induced gene and protein expression of MMP-1, MMP-3 and MMP-13 in chondrocytes. RosA also inhibited the IL-1b-induced expression of iNOS and COX-2 as well as the production of nitric oxide and PGE 2 . Furthermore, RosA inhibited the IL-1b-induced MAPK and NF-jB activation.
Cartilage degradation is the hallmark feature of OA, thus inhibiting the degradation of cartilage is an important issue for the treatment of OA. Aggrecan and type II collagen are known to be the most components of cartilage matrix. It is well known that MMPs are the main matrix catabolic enzymes leading to ECM degradation and subsequent cartilage degradation in OA. Previous study showed that MMP-13 is a primary collagenase, which is responsible for type II collagen degradation in OA [17] . In addition, MMP-1 and MMP-3 are also involved in ECM degradation. In the present study, it was demonstrated that RosA significantly inhibited the IL-1b-induced expression of MMP-1, MMP-3 and MMP-13 in chondrocytes. Therefore, inhibiting the activities of MMPs may be one of the mechanisms by which RosA prevents cartilage degradation.
It is well established that inflammation is associated with the progression of OA [18] . IL-1b, as a major inflammatory cytokine, plays an important role in the progression of OA. Stimulation with IL-1b could result in up-regulation of MMPs, aggrecanases and other catabolic enzymes in OA [19] . In addition, IL-1b can up-regulate the expression of iNOS and COX-2 as well as the production of nitric oxide and PGE 2 in OA. In the present study, we used IL-1b to mimic the environment of OA in vitro, the results were similar to previous study showed that IL-1b induced the expression of MMP-1, MMP-3 and MMP-13 as well as the production of nitric oxide and PGE 2 in chondrocytes [20] .
Nitric oxide and PGE 2 are inflammatory mediators, which were implicated in the degradation of articular cartilage via inhibiting the synthesis of ECM; thus, inhibition of nitric oxide or PGE 2 can attenuate the progression of OA [21] . In the present study, we demonstrated that RosA inhibited IL-1b-induced nitric oxide and PGE 2 production as well as iNOS and COX-2 expression in chondrocytes. Previous study showed that RosA inhibited the production of nitric oxide and PGE 2 in RAW 264.7 mouse macrophages [22] . Taken together, we have been suggested that RosA may exert beneficial effects in OA via inhibiting inflammatory progression.
NF-jB signalling pathway has been shown to be involved in inflammatory progression. Previous study showed that NF-jB is an important regulator in the induction of iNOS and COX-2 in chondrocytes [23, 24] . In the present study, we investigated the effects of RosA on NF-jB signalling pathway. We found that NF-jB p65 translocated from the cytoplasm to the nucleus after IL-1b stimulation, and RosA blocked the nuclear translocation of the p65. Our findings are consistent with other studies, which found that RosA can inhibit NF-jB activation [25, 26] .
We investigated the MAPK signalling pathway because MAPKs, including ERK, p38 and JNK, play important roles in the regulation of MMPs expression in OA [27] . Thus, inhibition of MAPK is a strategy in the treatment of OA. Some agents inhibited MMPs expression via suppressing MAPK activation in chondrocytes [28, 29] . In the present study, we demonstrated that RosA inhibited IL-1b-induced phosphorylation of JNK and p38 while ERK was not affected. Our results were partly supported by previous studies, for example, Kim et al. found that RosA inhibited p38, ERK and JNK activation in bone marrowderived dendritic cell [30] . EI Omri et al. found that RosA activated cholinergic activities in PC12 cells through inhibiting phosphorylation of ERK1/2 [31] . These findings indicate that RosA exerted pharmacologic properties with respect to the inhibition of MAPK signalling pathway. The disparity may be attributable to differences in RosA exposure time or cell type.
In conclusion, our results demonstrated that RosA inhibited MMPs expression as well as nitric oxide and PGE 2 production in chondrocytes through the modulation of NF-jB and MAPK signalling pathways. These findings indicate a potential therapeutic role for RosA in OA.
